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Abstract 
In this work, tests of catalytic combustion of CH4 enriched syngas are carried out at high pressure (up to 9 bar) over a 
20wt%LaMnO3/La-γAl2O3 based monolith. The effect of methane and CO2 addition on the catalyst performances is 
studied at fixed values of the heating value, H2/CO ratio (1.5) and total flow rate. Results show that ignition is driven 
by CO combustion, which is the most reactive fuel over LaMnO3 catalyst. Methane substitution and CO2 addition 
lead to higher ignition pressure and higher quenching pressure thus reducing the operability window: However, by 
reducing the methane substitution (i.e. increasing the mixture reactivity), the detrimental effect of CO2 decreases.     
As a conclusion, the perovskyte catalyst can be successfully applied to burn gasification products even in the 
presence of significant CH4 and CO2 contents. 
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1. Introduction 
Catalytic combustion has been attracted a great attention during the last decades due to its ability of 
burning fuels outside the flammability limits and, as a consequence, at relatively low temperatures and 
high efficiency, thus reducing the environmental impact related to NOx, CO and unburnt fuel emissions 
[1, 2]. Nevertheless, issues related to cost and durability of the materials have limited the development of 
commercial power generation systems based on catalytic combustor [3]. 
Syngas blends are typically composed by H2, CO, CO2 and water and low amount of methane. Dilution of 
the feed stream with CO2 and H2O inhibits homogeneous combustion, leading to an increase in the lean 
blow-out limit of more than 150 K [4]. The combustion reaction rate is significantly reduced when CO2 is 
present in the feed [5]. Griffin et al. [4] showed that dilution with H2O and CO2 leads to an incomplete 
burnout of the combustion intermediate CO, increasing the CO emissions when stoichiometric O2/fuel 
ratios are used.  
Recently it has been also showed that the use of CH4/O2/CO2 mixtures even at high CO2 concentrations is 
unsafe [5, 6]. Indeed it has been found that when igniting a CH4/O2/CO2 mixture at stoichiometric ratio, 
even in the presence of 40 %, anomalous behaviours arise leading to over-adiabatic peak pressure up to 
hundreds of bars (the cRPT phenomenon). In order to overcome the technological (flame stabilization, 
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combustion efficiency) and the safety issues (preventing cRPT phenomena) catalytic combustion can be 
proposed. In this work ignition and quenching behaviour of a perovskyte-based catalytic combustor is 
investigated at high pressure; focusing on the effects of carbon dioxide concentration and syngas-to-
methane ratio. 
 
2. Experimental 
Lean methane-syngas combustion under self-sustained conditions was performed over a 20 wt% 
LaMnO3/La-γ-Al2O3 catalyst supported on 900 cpsi honeycomb cordierite monolith (NGK) in shape of 
cylinder (length, 50 mm; diameter, 12 mm). The adopted procedure, reported in more detail in [7],  
allowed the deposition of about 1.83 g of catalyst onto the substrate. The prepared monolith was stacked 
between two ceramic foams (acting as thermal shields). 
The tests were run in a lab-scale experimental rig designed to work at pressures up to 12 bar and 
described in more details in [8]. The analysis system (ABB AO2000) is equipped with four modules for 
the online and continuous analysis of the main gas species (CH4, CO2, and CO by infrared detectors; O2 
by a paramagnetic detector; H2 by a TC detector) and with a cross-sensitivity correction. 
Operating pressure was increased from approximately 1 to 12 bar. The mass flow rate was kept constant 
(i.e., the volumetric flow rate decreased with increasing pressure). Four syngas/methane volumetric ratios 
(100/0, 70/30, 50/50 and 0/100) and three CO2 concentrations (0, 5 and 30 vol.%) were investigated at 
fixed  H2/CO (1.5 v/v) and pre-heating temperature (520°C). The effect of fuel composition was 
investigated at fixed fuel heating value (16 Wth), while oxygen concentration was fixed to 10 vol.%; the 
total flow rate was equal to 60 slph. Some tests were repeated and gave results differing within the 
experimental error.  
 
3. Results 
In order to better understand the effect of carbon dioxide on the ignition and quenching behaviour, the 
results obtained under CO2-free feeding are reported. In figure 1 hydrogen, carbon monoxide and 
methane conversions as a function of the operating pressure for three different syngas/methane ratios are 
shown as obtained by increasing (full symbols) and decreasing (open symbols) the pressure. The CH4-free 
mixture ignites at ambient pressure and no quenching occurs, thus the corresponding results are not 
reported in figure 1. As reported in figure 1, the substitution of syngas with methane causes an increase of 
the ignition pressure from 1 (syngas alone) to 5 bar (methane alone). Moreover, it appears that carbon 
monoxide shows the higher conversion due to its higher reactivity on the perovskyte catalyst, according 
to our previous results [8, 9]. By reducing the operating pressure (open symbols), the conversion of all the 
fuels is practically complete even at atmospheric pressure independently from the syngas substitution 
degree with methane. 
In figure 2 ignition and quenching pressures as function of the syngas substitution degree with methane 
are shown for three different CO2 concentrations. It is noting that the effect of carbon dioxide is more 
pronounced on the ignition of pure methane than on syngas/methane blends and syngas alone, differences 
among ignition pressures being reduced by decreasing the substitution degree. We previously 
demonstrated that two main effects of carbon dioxide on ignition and quenching phenomena can be 
ascribed [10]: a thermal and a kinetic effect. 
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Figure 1 – CH4 (z), H2 (▲) and CO (d) conversion as a function of pressure as obtained by increasing (full 
symbols) and decreasing (open symbols) the pressure. (a): (H2+CO):CH4=70:30; (b): (H2+CO):CH4=50:50; (c): 
(H2+CO):CH4=0:100. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 – Ignition (full symbols) and quenching (open symbols) pressure as a function of the syngas substitution 
degree with methane at different CO2 concentrations in the feed: (z) 5%CO2; (▲) 5%CO2; (d) 30%CO2.  
 
The first one is due to the higher thermal capacity of carbon dioxide with respect to nitrogen, thus 
reducing the mean temperature at fixed fuel conversion; the second one is related to the adsorption of 
carbon dioxide on the perovskyte, thus chemically inhibiting the adsorption of reactants. The reduced 
CO2 effect on syngas rich fuel mixtures can be addressed to i) the favourable adsorption of CO (more 
than H2) over the perovskyte with respect to CO2 and ii) the thermal power produced by CO and H2 
conversions increasing the temperature of the catalyst surface and thus unfavoring CO2 adsorption. 
By calculating the thermal power developed at ignition (not reported) it clearly appears that a threshold 
value can be identified, quite independent from fuel composition and CO2 concentration. This result 
confirms our previous findings [7, 9] and suggest a novel interpretation of the ignition phenomenon. It 
has been generally accepted that ignition occurs thanks to a local unbalance between heat generated by 
reaction and heat losses, thus leading to the formation of hot-spot. Our results suggest that ignition 
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occurrence is regulated from a global more than local heat unbalance, i.e. when the overall produced heat 
overcomes the heat losses, thus allowing the homogeneous reaction to be sustained. 
The effects of carbon dioxide concentration and fuel composition on the quenching pressure are poor 
(figure 2). We previously demonstrated [11] that quenching does not depend on the fuel composition: it 
occurs if the overall thermal power produced by fuel combustion is not enough to retain the reaction front 
inside the combustor, and consequently, is related to the global heat balance. On the other hand, the slight 
effect of carbon dioxide concentration is probably due to its higher specific heat with respect to nitrogen, 
causing a reduction of the mean temperature inside the reactor and, thus, a larger shift of the reaction 
front. 
Finally, the above results suggest a novel light-off strategy. We have indeed demonstrated that ignition 
can occur under mild operating conditions over a perovskyte based catalyst even with high CO2 
concentration if the fuel is rich in syngas, while quenching is only slightly affected by CO2 concentration 
(no effect of fuel composition). This suggests that the catalytic combustor may be ignited with syngas 
alone or a syngas-rich fuel and after ignition the syngas may be substituted with methane. 
 
4. Conclusion  
In this work the effect of carbon dioxide concentration and syngas substitution with methane on ignition 
and quenching behaviour of a structured perovskyte-based combustor has been studied. The inhibiting 
effect of carbon dioxide on the ignition is markedly mitigated for low CH4 content in the syngas mixture. 
This is due to the high reactivity of carbon monoxide on the LaMnO3 perovskyte. CO successfully 
competes with CO2 in the adsorption on the catalyst surface and, through its combustion, enhances the 
surface temperature, thus reducing the surface CO2 coverage. 
The quenching pressure measured in this work are quite unaffected by the fuel composition and CO2 
concentration. In particular, the slight effect of carbon dioxide seems related to its higher specific heat, 
causing a reduction of the mean temperature inside the reactor and, thus, a larger shift of the reaction 
front. 
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